INTRODUCTION
The common bean (Phaseolus vulgaris L.) is a legume of the Fabaceae family, whose grain is much appreciated, being an important source of calories, proteins, carbohydrates (HADŽI et al., 2013; PLANS et al., 2013) , zinc (ROSA et al., 2010) , iron (PEDROSA et al., 2015) , and calcium (JOST et al., 2009) , with a low lipid content (PEDROSA et al., 2015) . In Brazil, the bean is the fifth most-produced grain crop (CONAB, 2015) , and in 2012 Brazil was the world's third largest producer of the common bean, with a production of 2.94 million tonnes and a productivity of 1037.24 kg ha -1 (FAO, 2013) .
Salinisation reduces the productivity of various crops (ANDRÉO-SOUZA et al., 2010; MACHADO et al., 2007) , including the bean (BEN-GAL et al., 2009) , due to morphological changes caused by saline solutions, such as a reduction in germination (SAEIDI-SAR et al., 2013) , during initial development (BOURGAULT et al., 2010) and in the vegetative growth attributed to osmotic stress; a result of the reduction in water potential of the medium and the toxic ion effect caused by the accumulation of ions in the tissues (AYDIN; KANT; TURAN, 2012; KHADRI; TEJERA; LLUCH, 2007; ROSALES et al., 2012) , which modifies gene expression during salt stress (HERNÁNDEZ-LUCERO et al., 2014) . However, among bean genotypes it is possible to select the most tolerant genetic materials to saline stress (BAYUELO-JIMENEZ; JASSO-PLATA; OCHOA, 2012) for use as parents in breeding programs.
One of the factors which compromise the correct interpretation of clusters is multicollinearity. This is the high correlation between the set of explanatory characteristics of an experiment, which may reduce the efficiency of the multivariate techniques that use the residual covariance matrix (CRUZ; REGAZZI, 2001) . The breeder can use techniques that help reduce multicollinearity, such as discarding redundant variables, so as to decrease time and manpower in future evaluations (CRUZ; REGAZZI, 2001 ).
Given the above, the aim of this study was to evaluate the effect of multicollinearity and to discard variables with a view to reducing multicollinearity in the diversity analysis of bean genotypes, in relation to the physiological quality of seeds at different salinity levels in the substrate.
MATERIAL AND METHODS
The experiment was set up and carried out at the Seed Analysis Laboratory (LAS) of the Department of Plant Production at the Centre for Agricultural Sciences of the Federal University of Espirito Santo (CCA-UFES), in Alegre, in the State of Espírito Santo, Brazil (ES), in January 2013.
The seeds used in the experiment were from six cultivars of the common bean (Phaseolus vulgaris L.), provided by the Agronomic Institute of Paraná (IAPAR), in Londrina, Paraná: G1 -IPR Campos Gerais, G2 -IAPAR-81, G 3 -IPR Andorinha, G4 -IPR Siriri, G5 IPR -Curió, and G6 -IPR Colibri, and seven landrace genotypes obtained from various locations: G7 -Vagem Riscada (Muqui, ES), G8 -Sangue de burro (Manhumirim, MG), G9 -Carioquinha (Tupa, SP), G10 -Rosinha (Tupa, SP), G11 -Mulatinho (Tupa, SP), G12 -Roxinho (Simonésia, MG) and G13 -Preto (São José do Mantimento, MG).
The seeds were disinfected with a 2.5% solution of sodium hypochlorite for two minutes and then in 70% alcohol for 30 seconds (modified from MESQUITA; MARINO, 2009 ). The germination test was carried out in a Mangelsdorff germinator, at a temperature of 25 °C and under constant light (two 40W fluorescent, special daylight lamps), with the seeds being placed in roll made up from three layers of germitest paper towel (BRASIL, 2009) , moistened with a volume of solution equal to 2.5 times their dry weight. An osmotic potential of -0.6 MPa was considered to be moderately harmful to the vigour of the bean seeds in the germination test (COELHO et al., 2010) . An osmotic potential of 0.0, -0.3 and -0.6 MPa were therefore selected for the tests. For the calculation and preparation of the NaCl saline solutions at an osmotic potential of 0.0, -0.3 and -0.6 MPa, the Van't Hoff equation, as cited by Pimenta (2004) , was used.
The experimental design was completely randomised, with treatments distributed in a 13 x 3 factorial scheme (genotypes x osmotic potentials) with four replications of 25 seeds, giving a total of 100 seeds per treatment.
The characteristics to be analysed were thousand seed weight (TW) (BRASIL, 2009), mean germination time (MGT) (LABOURIAU, 1983) , percentage of primary root protrusion ( 2 mm) at five days after sowing (PL), and the percentage of seeds with primary root protrusion at nine days after sowing (G). The criterion of days was adapted from BRASIL (2009); the percentage of normal seedlings at nine days after sowing (NS) (BRASIL, 2009) was obtained by counting seedlings with their key structures well developed, and with more than three centimetres of root and hypocotyl.
Nine days after sowing, the length (cm) of the hypocotyl (HL) and of the primary root (RL) of the seedlings were evaluated. Later, the shoots and roots of each of the lots were stored separately in paper bags and placed in a forced air circulation oven at 70 °C to constant Physiological characteristics in seeds of the common bean under multicollinearity and conditions of salinity weight (three days); weighing was by digital analytical balance (0.0001 g). The dry weight of the shoots (SDW) without cotyledons, and of the roots (RDW) were expressed in grams seedling -1 .
The residual and phenotypic covariance matrices were estimated, and multicollinearity was diagnosed for the phenotypic correlation data, and classified as to the number of conditions (NC), as weak (NC 100), moderate to strong (100 < NC <1000) and severe (NC 1000) (MONTGOMERY; PECK, 1981) . An analysis was then made of the canonical variables to discard the most important variable associated with the lowest eigenvalue (CRUZ; REGAZZI; CARNEIRO, 2012) . This procedure was carried out in the form of a loop, with the first value for NC of less than 100 being considered as the stopping criterion.
To check the effect of multicollinearity on the variables of seed germination and initial growth of the bean seedlings, the Tocher optimisation method was used to cluster the genotypes, based on the generalised Mahalanobis distance (D 2 ), both before and after discarding variables. All the analyses were performed using the Genes, v.2013 software (CRUZ, 2013) .
RESULTS AND DISCUSSION
The multicollinearity diagnostic carried out for the set of nine variables evaluated in the bean genotypes for each osmotic potential, gave NC 1000. After discarding one variable, the multicollinearity remained severe (NC 1000) for the osmotic potential of 0.0 MPa, while for the remaining osmotic potentials (-0.3 and -0.6 MPa), it went down to moderate to strong (100 < NC <1000) ( Table 1) .
Discarding the second variable reduced the multicollinearity to weak (NC 100) at a potential of 0.0 MPa. However, at a potential of -0.3 and -0.6 MPa, the multicollinearity was moderate to strong, it being necessary to discard a third variable to obtain an NC 100 (Table 1) . Multicollinearity results in unsuitable clustering Analysis for the osmotic potentials showed that under conditions of salt stress it was necessary to discard three characteristics, or only two in the absence of stress, to satisfy the condition of weak multicollinearity. The greater number of discarded features under conditions of stress may be related to the close association between the variables under stress conditions. Due to the high degree of association of the variables, the effective dimension of the matrix becomes less than the total number of variables, resulting in a linear dependence between the rows of the matrix (RENCHER, 2003) .
Discarding variables using the canonical variables gave a reduction in multicollinearity from 2424 to 87, from 10448 to 61 and from 6873 to 76, for an osmotic potential of 0.0, -0.3 and -0.6 MPa respectively (Table 1 ). In the absence of stress (0.0 MPa), the characteristic G was selected for disposal, as it presented a greater weighting coefficient for the least-important eigenvector in the phenotypic correlation matrix. However, discarding the G variable was insufficient to achieve an NC 100 (Table 2 ). In the second selection cycle, without the G variable, PL was the variable indicated to be discarded; this had the highest coefficient of canonical weighting (1,329) in absolute terms for the last canonical variable (Table 2) . After discarding PL, the criterion of weak multicollinearity was achieved. The variables G and PL were therefore considered redundant and increased multicollinearity at a potential of 0.0 MPa.
For a potential of -0.3 MPa, the first characteristic suitable for discarding was PL (Table 3) . A second and third cycle of discarding variables were necessary to achieve weak multicollinearity. The discarded variables were SDW and NS, based on the weights of the weighting coefficients (0.826 and 1.168) for the last canonical variable respectively (Table 3 ). The removal of these three variables at a stress of 0.3 MPa, was sufficient to satisfy the condition of weak multicollinearity (NC 100). For the condition of -0.6 MPa, three selection cycles were performed, with the discarded characteristics being G, MGT and RL, based on the weight of the weighting coefficients (2.273, 1.046 and 1.100) for the last canonical variable respectively (Table 4) . Table 4 -Estimation of variances ( ), accumulated variances ( ac) and standardised weighting coefficients of the canonical variables for the characteristics, thousand seed weight (TW), mean germination time (MGT), primary root protrusion at nine days (G), normal seedlings (NS), primary root protrusion at five days (PL), length of hypocotyl (HL), length of root (RL), shoot dry weight (SDW) and root dry weight (RDW) for an osmotic potential of -0.6 MPa in a solution of NaCl The effect of multicollinearity on clustering in the bean hinders the true formation of groups (CARGNELUTTI FILHO et al., 2009) , the effect being more expressive under salt stress (-0.3 and -0.6 MPa). Grouping of the bean genotypes by the Tocher optimisation method differed only under conditions of severe and weak multicollinearity. However, under non-stress conditions, multicollinearity did not change the grouping (Table 5) ; this can be explained by the lower number of discard cycles required to reduce the multicollinearity, due to the weaker relationship between the evaluated characteristics (Table 1) . 1  G2 G7 G8 G13 G6  1  G2 G7 G8 G13 G6  2  G1 G4 G11  2  G1 G4 G11  3  G3 G12  3  G3 G12  4 G5 G9 4 G5 G9 5 G10 5 G10
Physiological characteristics in seeds of the common bean under multicollinearity and conditions of salinity *Presence of severe multicollinearity. The osmotic potential under study displayed the characteristics: TW; MGT; G; NS; PL; HL; RL; SDW; RDW; ** Presence of weak multicollinearity. The characteristics maintained were: for the osmotic potential of 0,0 MPa: TW, MGT, NS, HL, RL, SDW and RDW; for the osmotic potential of -0,3 MPa: TW, MGT, G, HL, RL and RDW; and for the osmotic potential of -0,6 MPa: TW, NS, PL, HL, SDW and RDW For the osmotic potentials of 0.0, -0.3 and -0.6 MPa, five, seven and five groups were formed respectively in the absence of multicollinearity (Table 5 ). Results obtained for the different osmotic potentials reinforce the idea of the need to study the clustering of genotypes for a wide range of saline environments. According to Almeida et al. (2011) , similar results to those obtained in this study were found, where the grouping of genotypes of Vigna unguiculata was altered during plant development in different saline environments, due to the phenotypic responses varying greatly from one environment to another.
The genotype pairs, G1 and G4, and G6 and G13, remained together for all osmotic potentials (with and without multicollinearity), showing them to be the least dissimilar genotypes (Table 5) . Those genotypes that formed groups with a high index of dissimilarity can be evaluated as promising parents in artificial crosses to obtain segregating populations and identify transgressive genotypes (BERTINI et al., 2010) .
